Introduction {#Sec1}
============

The prevalence of aortic stenosis (AS) as the most frequent valve disease is still rising due to the demographic change and an aging population \[[@CR1]\]. For patients with severe AS and a prohibitive surgical risk, transcatheter aortic valve implantation (TAVI) has been developed as an alternative to valve replacement, has reached widespread acceptance and is now used as a golden standard. Several clinical trials and registries have demonstrated the advantages and the procedural success of mid- to long-term outcomes \[[@CR2], [@CR3]\]. As the TAVI techniques become more reliable, procedural and in-hospital mortality rates could be reduced. Therefore, the frequency of TAVI procedures is steadily increasing and has even overtaken the slightly decreased number of surgical procedures in Germany \[[@CR4]\].

Nevertheless, due to the medium- to high-risk population, the 1-year mortality rate is still high at about 15--20% \[[@CR5]\]. Several clinical prediction models including the surgical EuroSCORE, the Society of Thoracic Surgeons (STS) score as well as the more TAVI-specific FRANCE-2 \[[@CR6]\], German Aortic Valve \[[@CR7]\] and the OBSERVANT score \[[@CR8]\] were established to estimate the peri-interventional risk. However, besides conventional risk factors including age, reduced systolic left ventricular function and renal failure, which are captured in conventional risk scores, little is known about reliable functional prognostic factors for procedural and 1-year mortality. While reduced baseline performance status is a well-established predictor of operative risk \[[@CR5]\], an overall frailty assessment should be particularly relevant for patients with severe aortic stenosis referred to TAVI.

Regarding the future needs of clinical trials, the Valve Academic Research Consortium defined frailty as a multicomponent parameter including the criteria of slowness, weakness, exhaustion, wasting and malnutrition, poor endurance and inactivity as well as a loss of independence \[[@CR9]\]. Until now, frailty has not been considered as an independent cardiovascular risk factor and has not been incorporated into traditional risk scores and recent clinical prediction models. Furthermore, several different approaches for measuring frailty have been described. Two indices seem to prevail in clinical studies \[[@CR10], [@CR11]\], but it remains unknown which of the many frailty indices best predicts outcomes such as mortality, especially in TAVI patients.

The aim of the present study was to evaluate pre-interventional predictors, escpecially frailty-related parameters not captured by traditional risk scores for 1-year all-cause mortality in patients after TAVI.

Methods {#Sec2}
=======

Study setting and participants {#Sec3}
------------------------------

In this prospective multicentre cohort study, 635 patients referred for elective TAVI were screened in two German heart centres between October 2013 and July 2015. After the exclusion of 291 patients, 344 patients scheduled for TAVI could be enrolled prior to the procedure; 333 (96.8%) patients were alive at discharge (Fig. [1](#Fig1){ref-type="fig"}).

Fig. 1CONSORT Flow chart of inclusion process. Logistical reasons for exclusion: due to short-term intervention date shifts, the research fellows of the University of Potsdam were unable to perform the functional and frailty assessments in the heart centres

The study protocol was approved by the ethics committee of the University of Potsdam (No. 35/2013). All patients gave their written consent to participate in the investigation. Data protection rules were closely observed and patient data were processed anonymously.

Baseline measures and clinical data {#Sec4}
-----------------------------------

Sociodemographic data (e.g. age and gender), comorbidities \[e.g. chronic obstructive pulmonary disease (COPD) and chronic kidney disease (CKD)\] and echocardiographic data \[e.g. left ventricular ejection fraction (LVEF) and transaortic gradients\] as well as the peri- and postprocedural complications according to the VARC-2 criteria \[[@CR9]\] were taken from the patients' records.

For the quantification of the performance status and the health-related quality of life a standardized 6-min walk test (6MWT) according to current guidelines of the American Thoracic Society \[[@CR12]\] based on a distance measuring device was performed. Before starting the test, the patient was familiarized with the procedure to be followed. In addition, the questionnaire Short Form 12 (SF-12) with its physical and mental component summaries (PCS and MCS) \[[@CR13]\] was assessed. Anxiety and depression were objected using the Hospital Anxiety and Depression Scale (HADS) \[[@CR14]\], and frailty according to the index of Stortecky et al. \[[@CR15]\]. This Frailty Index includes the Mini-Mental State Examination (MMSE), the short form of the Mini Nutritional Assessment (MNA), activities of daily living (ADL), instrumental activities of daily living (IADL), timed-up-and-go test (TUG) and a subjective mobility disability (defined as a decreased frequency of walking 200 m and/or of climbing stairs). The index was summarised with the following allocations: 2 points were assigned if MMSE was \< 21 points, and 1 point was assigned for each of the following: MMSE ≥ 21 and \< 27 points, MNA \< 12 points, ADL ≥ 1 limited activity, IADL ≥ 1 limited activity, TUG ≥ 20 s, and a positive subjective mobility disability. Hence, the Frailty Index ranged from 0 to 7 points and can be categorised at ≥ 3 points (frail) vs. \< 3 points (non-frail). All functional and frailty tests were assessed in the two heart centres by trained research fellows of the University of Potsdam.

Follow-up {#Sec5}
---------

The primary endpoint was all-cause mortality at 12 months after TAVI. The patients' vital status was assessed over the telephone. If no reply was received, the family doctor and the treating hospitals were contacted by telephone. If still no information was received, vital status was established via the residents' registry office. There were no patients lost to follow-up (100% follow-up rate).

Statistics {#Sec6}
----------

Continuous variables are expressed as means ± standard deviation (SD), and categorical variables as absolute values and percentages. Comparisons between groups were performed using the *t* test and the Chi-square test, respectively. Predictors for all-cause mortality were identified using a multivariate logistic regression model. We started with a full model containing all available covariates and performed a backwards selection to keep only significant effects in the model. In the first step, following variables were included: sex, age, body mass index, physical activity, living situation, care dependency, graduation, New York Heart Association (NYHA) class III/IV, diabetes mellitus, EuroSCORE, coronary artery disease, COPD, pacemaker, peripheral artery disease, aortic aneurysm, stroke or transient ischemic attack, CKD, hepatic dysfunction, carcinoma, osteoarthritis, LVEF \< 40%, mitral regurgitation, resting heart rate, atrial fibrillation, QRS width, block, hemoglobin, glomerular filtration rate, SF-12, anxiety, depression, MNA, ADL, IADL, MMSE, mobility disability, TUG, Frailty Index, 6MWT as well as a number of comorbidities. Effects with a *p* value of less than 0.05 (two-sided) were considered significant. Calculations were carried out using SPSS 23.0 (IBM, Chicago, IL, USA).

Results {#Sec7}
=======

Peri-/postprocedural outcomes {#Sec8}
-----------------------------

The mean age of the patients was 80.9 ± 5.0 years, 55.5% were women. Pacemakers were implanted in 43 patients (12.5%); major vascular complications were detected in 28 cases (8.1%), while 11 patients died (all-cause in-hospital mortality 3.2%). A conversion to open surgery was necessary in eight patients (Table [1](#Tab1){ref-type="table"}).

Table 1Peri-/postprocedural and in-hospital outcomes (*n* = 344)Variable*N* (%)All-cause mortality11 (3.2)Cardiovascular mortality6 (1.7)Non-cardiovascular mortality5 (1.5)Stroke/TIA7 (2.0)Major bleeding15 (4.4)Acute kidney injury9 (2.6)Major vascular complications28 (8.1)Endovascular stenting17 (4.9)Surgical repair11 (3.2)Pacemaker implantation43 (12.5)Conversion to open surgery8 (2.3)Infection/pneumonia7 (2.0)*TIA* transient ischemic attack

Baseline data (total cohort) {#Sec9}
----------------------------

Most of the patients had NYHA class III or IV (96.7%). Almost half of the patients suffered from diabetes mellitus (46.8%). The mean left ventricular ejection fraction was 54.1 ± 11.1%. Maximum and mean transvalvular aortic gradients were 71.3 ± 25.4 and 44.8 ± 16.7 mmHg, respectively. Patients had a mean logistic EuroSCORE of 16.9 ± 11.9% and 2.2 ± 1.3 comorbidities. The in-hospital stay was 10.9 ± 4.6 days. (Table [2](#Tab2){ref-type="table"}). TAVI was performed under a short period of general anaesthesia in 128 (38.4%) patients and local anaesthesia in 205 (61.6%) patients. The main access route was through the femoral artery in 319 (95.8%) patients and via a left-sided small anterolateral minithoracotomy in 14 (4.2%) patients. A Medtronic CoreValve^®^ classic and CoreValve^®^ Evolut R Prosthesis (Medtronic Inc., Minnesota, USA) was implanted in 181 (54.4%) and 24 (7.2%) patients, an Edwards SAPIEN 3^™^ or SAPIEN XT^™^ transcatheter heart valve (Edwards Lifesciences LLC, Irvine, CA, USA) in 80 (24.0%) and 10 (3.0%) patients, respectively. Other prostheses were used in 38 (11.4%) patients.

Table 2Baseline characteristics of post-procedural population (total cohort, survivors vs. non-survivors)Total (*n* = 333)Survivors (*n* = 287)Non-survivors (*n* = 46)*p* valuePatients' characteristics Age, years80.8 ± 5.180.6 ± 5.182.3 ± 5.00.035 Sex, male147 (44.1)125 (43.6)22 (47.8)0.350 NYHA III/IV322 (96.7)277 (96.5)45 (97.8)0.644 Diabetes mellitus156 (46.8)128 (44.6)28 (60.9)0.040 Log. EuroSCORE, %16.9 ± 11.915.7 ± 10.223.9 ± 17.8\< 0.001 Comorbidities, no.2.2 ± 1.32.1 ± 1.32.6 ± 1.30.026 COPD62 (18.6)50 (17.4)12 (26.1)0.161 PAD72 (21.6)57 (19.9)15 (32.6)0.051 CKD159 (47.7)129 (44.9)30 (65.2)0.011 Length of hospital stay, days10.9 ± 4.610.6 ± 4.413.0 ± 5.50.0012D Echocardiography LVEF, %54.1 ± 11.154.6 ± 10.651.0 ± 13.60.048 Left atrium, mm45.3 ± 6.345.0 ± 6.347.0 ± 6.30.068 LVEDD48.1 ± 8.247.9 ± 7.949.3 ± 9.60.278 LVPW13.3 ± 3.013.3 ± 3.013.0 ± 2.60.453 IVS13.4 ± 2.713.4 ± 2.713.3 ± 2.60.783 Transaortic ∆ *P* ~mean~ (mmHg)44.8 ± 16.745.6 ± 17.039.6 ± 14.30.025 Transaortic ∆ *P* ~max~ (mmHg)71.3 ± 25.472.4 ± 25.863.9 ± 21.60.039Categorical variables are presented in n (%), metric variables in mean ± SD*COPD* chronic obstructive pulmonary disease, *PAD* peripheral artery disease, *CKD* chronic kidney disease, *LVEF* left ventricular ejection fraction, *LVEDD* left ventricular end-diastolic diameter, *LVPW* left ventricular posterior wall, *IVS* interventricular septum

Prior to TAVI, the patients achieved a 6-min walk distance (6MWD) of 230.1 ± 119.1 m. Patients needed 14.2 ± 7.0 s. in the TUG. The mean Frailty Index was 2.5 ± 1.7 points (non-frail) (Table [3](#Tab3){ref-type="table"}).

Table 3Baseline assessments of post-procedural population (total cohort, survivors vs. non-survivors)AssessmentsTotal (*n* = 333)Survivors (*n* = 287)Non-survivors (*n* = 46)*p* value6MWD, m230.1 ± 119.1237.1 ± 122.0179.2 ± 81.20.020Quality of life SF-12 PCS, points33.2 ± 9.933.6 ± 9.830.5 ± 9.70.050 SF-12 MCS, points50.8 ± 10.450.9 ± 10.449.8 ± 10.60.475Emotional status HADS anxiety, points5.4 ± 3.75.4 ± 3.75.7 ± 3.70.552 HADS Depression, points5.5 ± 3.75.3 ± 3.56.9 ± 4.40.007Frailty Index, points2.5 ± 1.72.4 ± 1.63.3 ± 1.7\< 0.001Frailty Index ≥ 3 points152 (45.8)122 (42.7)30 (65.2)0.004 MMSE, points26.8 ± 3.026.9 ± 3.026.1 ± 3.10.074 MNA, points11.7 ± 2.311.9 ± 2.210.7 ± 2.50.001 ADL, points93.2 ± 12.793.5 ± 12.591.6 ± 13.50.355 IADL, points6.9 ± 1.77.0 ± 1.76.5 ± 1.50.105 TUG, s14.2 ± 7.013.8 ± 7.216.4 ± 5.10.026 Mobility disability255 (76.8)217 (75.9)38 (82.6)0.315Categorical variables are presented in n (%), metric variables in mean ± SD*6MWD* 6-min walk distance, *SF-12* Short Form 12, *PCS* physical component summary, *MCS* mental component summary, *HADS* Hospital Anxiety and Depression Scale, *MMSE* Mini-Mental State Exam, *MNA* Mini Nutritional Assessment, *ADL* activities of daily living, *IADL* instrumental activities of daily living, *TUG* timed-up-and-go test

Survivors vs. non-survivors {#Sec10}
---------------------------

During a follow-up of 381.0 ± 41.9 days, 46 patients (13.8%) died. In the univariate analysis, the non-survivors were older (82.3 ± 5.0 vs. 80.6 ± 5.1 years; *p* = 0.035), had a higher number of comorbidities (2.6 ± 1.3 vs. 2.1 ± 1.3; *p* = 0.026) and a lower left ventricular ejection fraction (51.0 ± 13.6 vs. 54.6 ± 10.6%; *p* = 0.048). The maximum and mean transvalvular aortic gradients were lower in the non-survivors (63.9 ± 21.6 vs. 72.4 ± 25.8; *p* = 0.039 and 39.6 ± 14.3 vs. 45.6 ± 17.0; *p* = 0.025, respectively).

Additionally, more patients suffered from diabetes mellitus (60.9 vs. 44.6%; *p* = 0.040) and chronic kidney disease (65.2 vs. 44.9%, *p* = 0.011) and had a longer stay in the hospital (13.0 ± 5.5 vs. 10.6 ± 4.4 days; *p* = 0.001).

Likewise, the patient groups differed in several assessment parameters. The non-survivors had worse results in the 6MWD (179.2 ± 81.2 vs. 237.1 ± 122.0 m, *p* = 0.020), in the Frailty Index \[3.3 ± 1.7 (frail) vs. 2.4 ± 1.6 points (non-frail), *p* \< 0.001\] and in individual components of the Frailty Index: TUG (16.4 ± 5.1 vs. 13.8 ± 7.2 s; *p* = 0.026) and MNA (10.7 ± 2.5 vs. 11.9 ± 2.2 points, *p* = 0.001). Furthermore, PCS was significantly lower in the non-survivors (30.5 ± 9.7 vs. 33.6 ± 9.8; *p* = 0.050), while depression was higher (6.9 ± 4.4 vs. 5.3 ± 3.5; *p* = 0.007) (Table [2](#Tab2){ref-type="table"}).

Predictors for all-cause mortality {#Sec11}
----------------------------------

In the multivariate analysis, the Frailty Index was not predictive for all-cause mortality, but individual components such as nutrition (MNA: OR 0.83 per 1 point, CI 0.72--0.95; *p* = 0.006) and mobility (TUG ≥ 10--\< 20 vs. \< 10 s: OR 5.12, CI 1.64--16.01; *p* = 0.005) revealed prognostic impact (Fig. [2](#Fig2){ref-type="fig"}).

Fig. 2Predictors for 1-year all-cause mortality (*n* = 333). *OR* odds ratio, *CI* confidence interval, *MNA* Mini Nutritional Assessment, *TUG* timed-up-and-go test

Furthermore, clinical parameters like diabetes mellitus (OR 2.18, CI 1.10--4.32; *p* = 0.026) and EuroSCORE (OR 1.21 per 5%, CI 1.07--1.36; *p* = 0.002) were associated with a higher risk of all-cause mortality (Fig. [2](#Fig2){ref-type="fig"}).

Discussion {#Sec12}
==========

Our analysis supports the finding that pre-interventional nutrition state and global mobility reveal predictive power for 1-year all-cause mortality in TAVI patients. Additionally, clinical parameters including diabetes mellitus and the logistic EuroSCORE, initially used to estimate the operative risk in surgical patients, were objected as prognostic parameters. While these last parameters go along with conventional prognostic parameters including lower left ventricular ejection fraction, chronic kidney disease and advanced age, and are already extensively studied, the frailty parameters are still underused in the estimation of peri-procedural risk for patients scheduled for TAVI procedures \[[@CR16], [@CR17]\].

Recent studies have confirmed the strong association between frailty state and the 12-month mortality \[[@CR18], [@CR19]\]. Several clinical prediction models for TAVI have been suggested \[[@CR6]--[@CR8], [@CR20]\], so that the "eyeball test" does not need to be used. Nevertheless, despite including multiple parameters, the predictive power is still rather inadequate \[[@CR21]\]. Thus, there is an urgent need for the characterization of potentially threatened patients, including readmission \[[@CR22]\] and all-cause mortality \[[@CR23]\].

Our cohort represents a large scale group of patients in two German Heart Centers, who were examined prior to TAVI through performance and health-related quality of life tests. We assessed a 6-min walk test, a questionnaire Short Form 12 and Anxiety and Depression Scale. Also documented, the Frailty Index of Stortecky \[[@CR15]\] represents an extensive objectification of general functioning, including psycho-cognitive, nutritive and physical components. Alternatively, the semi-quantitative Clinical Frailty Scale (CFS) includes other indications of frailty, like serum albumin, body mass index, gait speed and mean hand grip, and is an independent predictive factor of increased cumulative mortality risk as well \[[@CR19]\].

Frailty is a geriatric syndrome, which is characterized by a vulnerable health status associated with declining function of multiple physiological systems and loss of physiological reserves with consecutive impairment of many domains (physical, social, nutritional, neuropsychological) \[[@CR24], [@CR25]\]. The presence of frailty has been associated with poor medical outcomes in different cardiac patients such as patients with coronary artery disease \[[@CR26]\] and chronic heart failure \[[@CR27]\] as well as in patients undergoing cardiac surgery or TAVI. In 2012, Stortecky et al. suggested a multidimensional geriatric assessment for TAVI candidates with a solid association with all-cause mortality and major cardiovascular events at 30 days and at 1-year follow-up \[[@CR15]\].

However, as this multifactorial, frailty is difficult to capture and it is time-consuming to assess all components; it might be difficult to implement this test in clinical practice. As an alternative, the consideration of single components seems to be useful. In our analysis, we could confirm that nutrition and mobility as individual components of frailty, but not the global index, have a predictive value for all-cause mortality in patients after TAVI. The Mini Nutritional Assessment has been used as a screening tool for different entities, particularly in hospitalised patients at advanced age. We could demonstrate that, for each additional point in the MNA, patients had a reduced mortality risk of 17% within 12 months. These data go along with earlier findings showing a strong association between malnutrition and worse outcome \[[@CR28]\].

Whereas overweight can lead to a better prognosis in patients with cardiovascular diseases and is the called "obesity paradox" \[[@CR29]\], malnutrition and the malabsorption of nutrition are serious health problems in the elderly and can have a negative influence on function and quality of life \[[@CR30]\]. Recent research has already shown the prognostic relevance of malnutrition in other populations, such as acute heart failure due to left ventricular systolic dysfunction \[[@CR17]\]. When recognized early on, malnutrition can be reversible \[[@CR31]\] by performing a suitable nutritive intervention. Therefore, patients should be screened before TAVI and, when appropriate, cared for to improve the outcome.

Furthermore, mobility has been proven to be an important prognostic factor in elderly patients with different cardiovascular diseases or in patients undergoing cardiac procedures \[[@CR32]\]. To assess mobility, the study used the gait speed test, which is easy and quick to implement in clinical practice when investigating TAVI patients before their interventions. The timed-up-and-go test used in this study is quick to implement as well, can be performed by assistant personnel and requires no additional instruments. Our data suggest that for those patients who needed ≥ 10--\< 20 s for the TUG, the all-cause mortality risk was 5.12 times higher in comparison to those, whose mobility was better and consecutively needed fewer than 10 s. In the multivariate analysis, this simple test had the most certain predictive ability, while all conventional clinical data including LVEF, valve-related echocardiographic parameters, renal function and age showed no prognostic impact, though it might have been expected.

When a patient is limited in his mobility, different training strategies focusing on strength, coordination and balance should be performed after TAVI, also considering fall prevention in the elderly. It is also conceivable that this training can be performed even before the intervention as there already exist different approaches involving a training program in cardiac surgery patients even before a surgery or an intervention, which is called prehabilitation, to improve the outcome \[[@CR33]\]. Until now, the evidence for specific pre-operative nutrition programs focusing on prognostic parameters is still weak. However, depending on the stability of aortic stenosis, it appears desirable to optimise the global mobility and nutrition situation in advance of the operation in order to improve the immediate interventional success and the further prognosis of the patients.

Limitations {#Sec13}
-----------

The present study has certain limitations. First, participation in the cohort study was voluntary and thus not without a selection bias, particularly in patients with higher risk profiles. Due to short-term intervention date shifts, the research fellows of the University of Potsdam were unable to perform the functional and frailty assessments in the heart centres in 102 cases. Since there was no link between intervention date shifts and 1-year outcome the high drop-out rate did not bias the study results; it only resulted in a loss of power. Further, we do not take into account information about the clinical course of the TAVI procedure, including procedure time, peri-interventional pharmacotherapy and intensive care unit stay, all of which can have an influence on the dynamic of the functional improvement. Additionally, we do not have post-procedural echocardiographic data regarding the quality of the valve implantation, which can affect the clinical outcome as well. Although the Stortecky's Frailty Index captures components such as nutrition, it would be of interest to differentiate between lean and fat body mass as an index of sarcopenia. This would require a further approach to characterising TAVI patients and may be advocated for detailed research.

Conclusion {#Sec14}
==========

The results provide information about pre-interventional frailty parameters being predictive for 1-year all-cause mortality in patients after TAVI. Particularly, nutrition status and mobility should be advocated in the creation of contemporary TAVI risk scores.

Data were presented at the EuroPrevent Congress in Malaga, Spain, 2017.
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